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TEE EFFECT OF GEOMETRIC DIHEIEAL ON THE 
AERODYNAMIC CEARACTERISTICS OF A 40° 
SWERT-BACK WING OF ASPECT PATIO 3 
By Bernard Maggin and EoBert E. Shanks 

SUl-MARY 


Force testa at low Reynolds numbers were made to determine 
the effect of changes in the geometric dihedral on the aerodynamic 
charactei'istlcs of a wing of aspect ratio 3 having an angle of 
swoephack of 40° measured at tlie q.\iarter- chord line. The results 
of the teste for the awept-hack wing of aspect ratio 3 indicated 
that, for low and moderate lift coefficients, changes in geometric 
dihedral from - 10 ° to 10 ° resulted in a change in the effective 
dihedral that was about 75 percent as great as that obtained 
for an oinswept wing of aspect I'atio 6 . For dihedral angles out- 
side the range of - 10 ^ to 10 °, changes in geometi'ic dihedral 
produced about lialf as much change in effective dihedral as for 
dihedral angles between -10° and 10°. At a lift coefficient 
above a value of 0 . 8 , the maximum values of effective dihedral 
obtained with large negative geometric dihedr'sl angles were 
greater than those obtained with 0° geometric dihedral. Over the 
linear range of the lift curve, the directional-stability paiam- 
etei’ generally increased with increasing negative dihedral 
and increasing lift coefficient, but did not change appi’eclably 
with increasing positive dihedral. Increasing positive dihedral 
resulted in an increase in the nosing-up pitching moments 
(dostahilizing) at the stall, and increasing negative dihedral 
resulted in an increase in nosing-down moments (stabilizing) 
at the stall. Increasing positive or negative dihedral caused 
a decrease in the lift-curve slope and an increase in the 
variation of lateral force with sideslip. 
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IJfitODjfCTION 


One undesirable Gharacteristdc of bighly awopt-back vinga 
is the large variation in affoobive dihedral with a variation 
in lift coefficient. This variation tends to give excessive 
values of effective dihedral at moderate and hi^ lift coefficients. 
In order to limi b bhe maximimi value of- off ective dihedral to a 
value that will permit attainment of satlsfacbory djnczalc lateral 
stabilit/ and control charactoi-lstics, it mr.y be necessary in 
m3j]y cases to use negative geometric- dihedral. In order to obtain 
some indicatloxi of the effects of changes in goomotric dihedral 
on the aerodynamic characteristics of a swepb-back wingy an 
Investigation has been made at low Baynolds "numbers in the Langley 
free-fllght tunnel. Tliis i'iveetiffi.tlon consisted in force tests 
of a swept-back wing of aspect ratio 3 vi’^ geomotric dihodral 
angles nonglng from 20 ° to -30° • results of the investigation 

are proaonted herein. 


GYl-IBCLS 


'fho forces and mesments wore measured with roepoct~to the 
stability axes, (See fig. 1 .) 

Cv • lift coefficient 


‘'m 


^n 


L 

M 


drag coefficient 

pitching-moment cpefficient ) 

\q,GS/ 

rolling-momont coefficient f -it- ] 

\q.^/ 

yawing-moment coefficient 

lateral-force coefficient 

rolling mcment about X eocis, foot-pounds 
pitching moment about Y axis, foot-pounds 
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yaving moneoit atout Z azls^ pounds 

1 

wing area (o'^ dlhedi’al wing), square feet 
wing span dihedral wing), feet 


wing chord, measured in plane parallel to plane of 
syimetry, feet ' 

wing mean aerodynamic chord measured in plane parallel 
to plane of symmetry, feet 


lateral location of wing mean aerodynamic chord measured 
from axis of symmetry. Inches 


vertlceil location of wing mean aerodynamic chord measured 
from lower surface of the wing (0° dihedi’al), inches 


wing aspect ratio 



dynamic pressure, pounds per square foot 



mass density of air, slugs per cubic foot 

airspeed, feet per second .... 

angle of roll, degrees 

angle of sideslip, degrees 

angle of yaw (-p), degrees 

geometric dihedral angle, measured with respect to 
under- sxirf ace of wing, degrees 

angle of attack at the lower surface of the wing, degi’ees 


X 

% 

S. 


taper ratio, ratio of tip chord to root chord 

effective- dihedral parameter, rate of change of rolliug- 
mcanent coefficient with angle of sideslip, per degree 

direcblonal-stablllty parameter, rate of change of yawing- 
moment coefficient with angle of sideslip, per d_egree 

( 1 ^ 
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lateral-force parameter, rate of chonge of latei’al-:^rce 
coefficient with angle of sideslip, per degree 



rate of change of effective-dihedral parameter \d.th 
geometrifc- dihedral angle, per degree 

lift-curve slope, per degree 



APPARATUS AND TESTS 


The force tests to determine the aerodynamic characber- 
latice of the various wing configurations were made on the 
Langley f roe-flight- tunnel Bli-ccmi)or*ent halance which rotates 
in yaw with the model so that all forces and iflcmenta are measured 
with respect to the atahility ares. (See fig. 1.) A. ccmplebe 
description of the balance system is given in reference 1. All 
the- tests wore inn at a dyncmic pressure ■of^5‘.C“^uhds per Bljuar^' 
foot corresponding to a test Boynolds iwmber of 2l+9>000 baaed on 
a me'in aerodynamic chord of 0.778 foot. 

A sketch of the tapered wing (X = 0.5) of aspect ratio 
with a sveepback of 40° measured at the qusi'ter- chord line, is 
presented in figure 2. The wing has a Rhode St. Geneso 33 airfoil 
section parallel to the plane of symmetry. This wing section was 
used in accordance with the froe-flight- tunnel pi'actice of using 
airfoil sections that obtain maximum lift coefficients in the 
low-sc£il0 tests more neai’ly equal to -fiiose of full-scale wings. 

The wing was constructed of pine in tiu*eo sectians: a 0.10b 

center panel, and two 0.45b outboard panels. The outboard panels 
were hinged to the center panel and faired wodge blocks were used 
to give a range of geometric dihedral angles from 20° to -30° 
measured at the under surface of the panels peri>endlculer to the 
plane of symmetry. 

A series of force tests wore made for dihedral angles of 
0°, ±5°, +10°, ±20°, and -30° to dotermine the aerodynamic 
choreic tori 8 tics of bbe wing over the llft-cooff iclont range for 
yaw angles of 0° and ±5°. A few force teats were made over a 
rings of yaw angles of lo -30° at an angle of attack of 
2*^ to dotenoiine whether the values of the lateral-stability 
parameters obtained from angle- of -attack tests at ±5^ vei'® 
reliable over a reasonable yaw-unglo range. 
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EESUT/JB AKD DISCUSSION 


All the test data are "based on. the area, span, and mean 
aerocLynamlc chord of the zero-dihedral configuration and are 
measured with respect to the same moment- reference axes unless 
otherwise stated. The origin of the moment-reference axes shown 
in figure 2 is the quarter-chord point of the mean aerodynamic 
chord when the wing is set at 0 ° geomotric dihedral. Since the 
mean aerodynamic chord mowea upward with respect to the moment- 
reference point as positive dihedral is increased and downward 
as negative dihedral is Incre.ased, it is necessary to correct the 
"basic data presented with respect to the moment-reference axes 
when moment data are desired about some point on the mean 
aerodynamic chord of the wing. 

The results of the angle- of- attack tests at angles of yaw of 
0 ° and i-5° are presented in figure 3. The results of the yaw 
tests at a = 2 ° are presented in figure 4 , A comparison of the 
data of figure 3 with data of figure 4 indicates that at least 
ovei‘ the linear range of the lift curve, the lateral-force, parameter 
Cyp, the directional- ata"b ill ty parameter Cj^, and the effocblve- 

dlhedral pai’ameter C, o"btalned from the tests at yaw angles of 

±5° reliable values of these parameters over a range of yaw 

angles of approximately +15°* ' 

The longitudinal- stability characteristics of the wing over 
the dihedral range have boen summarized in figure 5 the 
lateral-stability characteristics in figures 6 to 8 . Symbols, 
which have been used in some of the summaiy plots to aid in 
distinguishing the curves, should not be taken as test points. 


Lift Characteristics 


The data of figure 5 Indicate that the lift-curve slope 
decreases with increasing positive or negative geometric dihedral. 
The Investigation of reference 2 showed that the decrease in 
lift-curve slope with geometric dihedral can be expressed as 




2 

cos I* 


( 1 ) 


This theoretical ro.lationship is presented in figure 5 and 1 s 
in good agreement with the experimental results .■ 
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Tho law-scale lift dn.ta in figure 3 Indicate that the maximum 
lift ooefflclcjnt generally decroaecd with increasing positive or 
negative gecmotrlc dihedral. This decrease in maximum lift 
coefficients resulted from the fact that the lift coefficients 
were hasod on the area of the wing with zero dihedral and not 
the projected- wing area, which decreased with dihedral. 

The data of figure 3 also show an increase in the angle of 
attack of maximum lift with increasing positive and negative 
geometric dihedrals. As pointed out in reference 2 , this increase 
is caused hy a reduction in the angle of attack measured in tlie 
plane normal to the wing surC'ace'as the geomotrlc dihedral is 
increased either in the positive or negative direction. 


Pitching-Moment Characteristics 

The data of figure 5 indicate that^ when the pitching ^ 

momenta are referred to the mcmont^^eferonce axes, an apparent 
increase in longitudinal stability dCjjj/dCL with increasing ^ 

geometilc dihedral roauita. When the pitching moments are 
i-ef erred to the mean aorodyivunlc chord for each dihedi’al angle, 
however, only a slight change in longitudinal stahility-wlth 
geometric dihedral results. 

The pitchlng-mcaaont data of figure 3 indicate that geometric •» 

dihedral al’f acted the low-scale pitching-moment characteristics 
at high lift coefficients. These data obtained at low Reynolds 
number indicated that- increasing positive geometric dihedral 
resulted in an increase in nosing-up pi telling mcments (deetublll- 
zing) at the stall and increasing negative dihedral resulted in on 
increase in nosing- down moments (stabilizing) at the stall. The 
changes in pitching moment at stall are not so pronounced when 
these data are corrected to the mean aerodynamic chord for the 
cori’o spending dihedral configuration. 


Rolling-Moment Characteristics (Effective Dihedral) 

The data of figure 6 indicate that up to a lift coefficient' 
of 0.80 the offectlvo-dihodral parameter increases with 

lift coefficletnt and positivo geometric dihedral and decreases 
with negative geometric dihedi’al. The wing with 0 ° geometric 
dihedral reaches a maximum value of -Cjp at a lift coefficient of 

1 . 0 . With increasing positive geometric dihedral the maximum 
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value of "Cjp occurs at Increasingly lower lift coefficients 

(0.90 20 ° dihedral). With negative geometric dihedral, mariinum 

values of would he reached at some lift coefficient heyond 


maximum lift, 
change in 


This phenomena can he explained hy the fact that the 
with lift coefficient near' max?jiium lift is governed 


hy the nature of the wing stall. With positive geometric dihedral 
the angle of attack resulting from sideslip is such as to increase 
the angle of attack on the leading- wing panel and to decreeuse the 
angle of attack on the trailing-wing panel. With negative geometric 
dihedral the opposite effect takes place and the lead^g-wlng 
panel has the smaller angle of attack. As maximum lift is approached 
in a sideslip, the wing panel with the higher angle of attack 
therefore begins to stall first and a decrease in lift (and rolling 
moment) produced hy that panel results. 


The data of figure 7 , which is a cross plot of figure 6, 
indicate ■ that, for any Ilf b coefficient in the lliiear portion of 
the lift curve, an approximately linear variation of effective- 
dihedral parameter with geometric dihedral occurs for a 

range of geometric dihedrals from - 10 ° to 10 °. The variation of 

Sc Jn 

Cjp with dihedral “gp decreases for geometric dihedral angles 

outside the range of - 10 ° to 10 °. The curves of figure 7 a^re 
cross-plotted in figure 8, which shows that the dihedral ^fectivo- 

7 

ness parameter _6 for geometric dihedral angles between -10° 

o sr . ■ 

and 10 varies over the lift range from about -O.OOOI7 to -0.00012 
and is more than twice the value of for geometric dihedrals 

sr 

in the range outside ± 10 °. For an ruaswept wing of aspect- ratio 6, 
which is representative of wings on many present-day conventional 

Sc? 

airplanes, the value of is 0.00021 (reference 3). The 

average value of E over the lew and moderate lift- coefficient 

sr 

rouge for dihedral angles between ±10° for the wing tested was 
0.00016 or about 75 psi’cent of the value for the unewept wing of 
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.?,spect ratio 6. liiis reduction in the value of ^13 for the 

oi' 

6wept-hack wing as ccppared to the unswept wing is attributed in 
part to the lower lift-curve slope of. .the sWept-hack wing. 


The dftta of figures 6 and J' indicate that at any lift cGofficlanfc 
up to a lift coefficient of 0.8, increasing the negative geonetrlc 
dihedral causes a reduction in ttio valxie of -C, . At a lift 

^3 


coefficient above 0,8, however, 
dihedral increases the value of 


increasing the negative gecaneLrlc 
-Cjp. "For exajnple, for lift 


coefficients above 1.0, the values of greater for 

gooraetric dihedral angles of -20° and -30°“ than for zero gecmetric 
dihedral. 


Yawing Monont and Lateral Force 

The cross-plots of figures 6 and 7 indicate^ that the directicpaal- 
atability parameter generally increases with Increasing 

negative dihedral and increasing lift coefficient over the linear 
range of the lift curve but is not appreciably affected by increasing 
positive dihedral. An analysis of the forces acting on_ the wing 
indicated, that at any lift coefficient in the linear range of the 
lift curve the dia'ectional-stability pai’ameter should 

increase with an increase in negative dihecbral and decre.ase with 
an Incroaeo in positive dihedral. The discrepancy between Uto 
atialysis and the test data for wings wit2i positive dihedral has 
not been explained. The data of figures 6 and 7 also Indicate 
that, over the linear poz'tlon of the lift curve, tlie variation 
of lateral force with sideslip Cy^ increases with increasing 

positive or negative dihedral but does not vary with lift coefficient. 


CONCLUDING ESM;ARKS 


The effects of varying the dihedral angle of a wing of 
aspect ratio 3 having an angle of eweepback of to® measured at 
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the quarter- chord line were determined hy force teste made at 
3 . 0 W Eeynolds numbers and the results arc summarized as follows: 

1. For low and moderate lift coefficients changes in geo- 
metric dihedral from - 10 ° to 10 ° resulted in an effective dihe- 
dral change approximately 75 percent as great as that obtained 
for an unswept wing of aspect ratio 6 . For dihedral an^es 
outside the range between - 10 ° to 10 °, changes in geometric 
dihedral produced only about half as much change in effective 
dlhedrail as for dihedral between 10° and -10°. At lift coef- 
ficients above 0 . 8 , the maxlirrum values of effective dihedral 
for wings with large negative dihedral angles were gl-eater than 
the maximum veLLue obtained for wings with 0 ° geometric dihedral. 

2. Over the linear range of the lift curve, the directional- 
stability parameter genai-ally increased with increasing negative 
dihedral and Inci-easing lift coefficient but showed no appreciable 
change with increasing positive dihedral. 

3 . Increasing positive dihedral resulted in increasing 
nosing-up pitching momenta (deafcabiliziiig) at the stall and 
Increasing negative dihedral resulted in increasing nosing- down • 
maments (stabilizing) at the stall. 

if. Increasing positive or negative dihedral resixlted in a 
decrease in the lift-curve slope and an increase in the vailatlon 
of lateral force with sideslip. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ta., September 19, 19il-6 



10 


MACA TN No . 1169 


jaiyKBKNCEO 


1. ShortaJ., Joseph A., and Draper, John. V.: Fi’se-Flight-Tunnel 

Investigation of the Effect of the Fuselage Length and the 
Aspect Ratio and Size of the Vertices. Tail on Lateral 
Stability and Control. MACAARR No. 3 DI 7 , 194-3. 

2. Purser, Paul E., and Cajigobell, John P.; Experimental 

Verification of a Simplified Vee-Tail Tixeory and Analysis 
of Available Data on Complete Models with Voe Tails. 

NACA ACR No. L 5 AO 3 , 194?. 

3 . Shortal, Joseph A.: Effect of Tip Shape and Dihedral on 

Lateral-Stability Characteristics. NACA Rap. No. 543, 1935. 






( 

\ 




N 



Fig. 1 


NACA TN isfo. 1169 


Y 





Fig. 2' 


NACA TN No. 1169 



Figure 2,- Drawing of the 40° swept-back wing tested, 
Asp'ect ratio, 3; taper ratio, 0,5. 
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Fufjre J.- Continued. 
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Figure 4,- Variation of lateral-stability parameters 
with, angle of yaw for a 40° swept-back wing of 
aspect ratio 3. a = 2°, 
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Figure 5.- ’Variation of lift-curve slope Cj;^ 

longitudinal stability (dCjjj/dCL) with diliedral 
angle for a 40o swept-back wing of aspect ratio 3, 
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Figure 6,-. Effect of angle of attack and lift coefficient on the lateral- 
stability parameters Ca^, and. for a 40° swept-back wing of 

aspect ratio 3 at various dihedral angles. 
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Variation of with, lift coefficient for 

a 40° swept-back wing of aspect ratio 3, 
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